FOR my address to-night I have thought it may be of interest to pass in review a general subject like optic atrophy which, perforce, has come much under my observation during the years I have worked at Queen Square. I propose to deal, mainly, with the classification of optic atrophies, and, incidentally, with one or two rarer or less known causes of optic atrophy. Naturally, most of what I have to say is of a most elementary nature, but it is sometimes wise to go back to elements.
Optic atrophy is essentially a degeneration of the nerve fibres, with consequent loss of function. Clinically it shows itself in an increasing pallor of the optic disc, but the pallor and general appearance of the disc may show considerable variations according to the nature of the optic atrophy, and the loss of function may also manifest itself in a variety of ways. There may be marked deterioration of visual acuity with good peripheral fields, or the reverse condition-quite good central acuity with marked peripheral contraction of the fields. The colour fields may be affected to a much greater extent than the white fields. The restriction of the fields may be general or segmental, or in the nature of a ring scotoma, or a central scotoma, or paracentral scotomata. The power of dark and light adaptation may be diminished or slowed down. There may be alteration in the reflex pupil reactions. In ordinary clinical work the variations of the visual fields are the most important from the diagnostic standpoint and help most in determining the cause of the atrophy.
There may be great variations in the colour of the disc witbin physiological limits. The disc of the old is usually paler than the disc of the child, the disc.of the myope paler than the disc of the hypermetrope. In some anmmias the disc may be very pale without any optic atrophy and, further, a pathologically pale disc may exist without any discoverable loss of function. I have seen a case in which there had been patches of disseminated sclerosis in both nerves. After recovery there was full vision, no evidence of field affection, either peripherally or centrally, but the discs were paper-white in colour.
Furthermore, there may be great variations in the extent to which the vessels are affected in different types of atrophy. When it is conasequent on retinal degenerations the diminution in the calibre of the arteries is a very characteristic feature, and in the final stages, they become reduced to mere threads. In tabes, on the other hand, the calibre of the vessels is often, seemingly, normal, when the nerve-head shows an advanced condition of atrophy and when the visual functions are markedly diminished. In dealing with a very complicated series of cases some method of classification is essential. The attempt, however, to attain too great simplicity can only produce NOV.-NEUR. 1 2 results which are misleading and harmful to the progress of knowledge. A true classification can only be made when the essential nature of all the subjects to be classified is thoroughly known and their inter-relationships understood. A perfect system should be completely inclusive and completely exclusive. It should include all the cases in one or other of its subdivisions and each case should be included in one subdivision and excluded from all the others. This second requirement can never be completely satisfied. Even one of the most satisfactory classifications, that of the elements on an atomic basis, has been found in modern times to fail to satisfy it. Yet we must constantly strive to indicate the relations of one form to another as closely as possible by our system of classification. We must constantly, like the professor in Heine's sarcastic sketch, be shuffling our labels from one plot to another as we become more intimate with the intrinsic nature of each case. Unfortunately, the boundaries of our plots are only vague and ill-defined and we must be content with a pragmatic scheme. The question then arises as to which characters are best suited to give a scheme which will be sufficiently inclusive of all the cases of which the nature is known, and sufficiently exclusive to allow us to differentiate between them. But before we proceed to construct our system I wish to get rid of our present system. Nothing can be more misleading than the use of the terms "primary " and" secondary " as they are commonly applied to cases of optic atrophy. If we must use the terms at all, we must try to use them with a proper understanding of their connotation. What is a primary atrophy? Surely, if terms have any meaning at all, it must be that form of atrophy of the optic nerve in which the toxin or trauma directly acts on the xnerve fibre and kills it. A secondary atrophy will be, then, that form in which the death of the nerve fibre is the consequence of inflammation or degeneration of other structures on which the nerve is dependent, or which, from their anatomical relationships to the nerve, can produce injury to its fibres. But these are not the meanings given to the term in our textbooks. There, a primary atrophy is defined as one in which the optic disc shows no evidence of any antecedent papillitis or cedema. But why should we differentiate between the atrophy produced by an optic neuritis affecting that small portion of the nerve included in the disc and immediately behind the disc and a similar neuritis affecting the nerve behind the entry of the central vessels ? True primary atrophies are probably limited in number. The great bulk of cases included in this class results from inflammations and degenerations and growths affecting structures on which the nerves depend.
A secondary or consecutive atrophy is said to be one in which the optic disc shows evidence of an antecedent cedema or papillitis. But I am sure any of you who have been in a position to watch either a papilledema or a papillitis from beginning to end must have seen cases where, after the subsidence, no trace of the preceding cedema has been left, or where the disc exactly resembles the disc of a so-called primary atrophy, with clear edges, undisturbed retinal pigment and lamina cribrosa showing in the physiological pit. Furthermore, what are we to say of these cases where a papillcedema has occurred, but has not been the cause of the optic atrophy ? Sometimes, as may happen in pituitary or suprapituitary tumours, a papillcedema may occur in a case in which a pressure atrophy is already present, or, again, it may happen that the papilloedema is present first but the atrophy results from pressure on the intracranial portion of the nerve.
I do not wish to leave you in any doubt on the subject of my opinion on these two terms. I wish to see them abolished entirely from the textbooks. I think they are worse than valueless. They are misleading. Thev are like that blessed word " Mesopotamia "-comforting only to the ignorant. The only meaning they can have is an error. Many years ago, Dr. Hughlings Jackson told me that it took twenty-five years to get a fresh idea into an English textbook and fifty years to get an error out of it. Twenty-five years are passing and I believe we may soon hope to see the term " optic neuritis" used in its proper connotation, but I fear it will be many years yet before the use of these terms "primary" and "secondary" is abandoned.
We can now proceed to examine briefly the basis on which a more satisfactory classification may be founded. The optic nerve is a tract belonging to the central nervous system and it suffers the same pathological changes as other white tracts do, only modified in particular ways by the peculiarities of its anatomical relationships. Atrophic changes irt it may result from inflammations which may be acute or chronic, from degencrations which may be the result of mechanical injury, pressure or traction, or they may be the result of interference with the blood supply, or of the action of toxic agents. The optic nerve may take part in systemic degenerations affecting other portions of the white matter of the central nervous system where the cause remains unknown. The lesion, in some cases, may directly affect the nerve fibres. In other cases, the meninges and interstitial tissue may first suffer and the degeneration of the nerve fibres may be consequent on that, or the degeneration of the nerve fibres may follow on degeneration of the ganglion cells from which they arise.
The activities of these various causes are modified by the different anatomical relationships of the nerve in different parts of its course. Some of them may act on the nerve fibres in general. and are not locally restricted. A patch of disseminated sclerosis may affect any portion of the nerve where there is a myelin sheath, and if it affects the anterior portion of the nerve it may produce an cedema of the papilla, so that we may find any part of the nerve affected from the papilla to the chiasma. Certain toxins seem to affect the nerve diffusely; probably the aryl-arsenates do so. The site of action of other toxins such as tobacco and carbon bisulphide has not definitely been determined, and, unfortunately, there remain a proportion of cases of atrophy of unknown origin. So our first basis of classification will be into:
(1) Atrophies of localized origin. (2) Atrophies of diffuse or indeterminate origin.
(3) Atrophies of unknown origin.
As, however, by far the largest number of cases belong to the first class, it is mainly with the subdivisions of this class that we have to deal.
As I have said, the optic nerve is not a peripheral nerve but a portion of the central nervous system, a tract of white matter anatomically, embryologically and physiologically comparable to any of the other columns of white matter in the central nervous system, subject to the same diseases and responding to these diseases by the same type of reaction. The main bulk of cells from which its fibres arise lie in the retina, so that the main bulk of its fibres are ascending fibres, but not all. There also exist descending fibres whose ganglion cells lie in the higher centres and whose function may possibly be concerned in dark adaptation. Furthermore, not all tne ascending fibres have the same destination. Some are visual fibres whose primary relay station is in the external geniculate ganglion. Others are light fibres, with a primary relay station in the anterior corpus quadrigeminum. These three types of fibres seem to have different sensibilities to the action of different toxins and suffer at unequal rates. Now this nerve may be affected at any part of its course from its origin in the retina to its end in the chiasma, where it ceases to be called a nerve and is called by its proper name-a tract.
We can most conveniently subdivide the nerve into three portions: (c) Intracranial.
The primary lesion, then, may affect the nerve in any of these different portions. We have, then, three main classes of optic atrophy of localized origin: (1) Retinal. (2) Papillary. (3) Retrobulbar. And the third class has three subdivisions: (a) Intra These can give rise to little doubt, as there is present the obvious ophthalmoscopic picture of the primary retinal lesion. The disc usually presents a clear outline and a waxy surface, as if it had been filled in with beeswax, but the most important feature is the extreme diminution of the calibre of the vessels.
In this group are found the primary atrophies of the retina-retinitis pigmentosa, amaurotic family idiocy, cerebromacular degeneration-and the numerous forms of secondary retinal atrophy consequent on retinal and choroido-retinal inflammations and vascular degenerations which may affect either the peripheral or the central portions of the retina, or both simultaneously. The essential cause of the atrophy of the nerve in this group is the degeneration of the ganglion cell from which the nerve fibre originates. This may follow on a neuro-retinitis, or a choroido-retinitis, or it may be a systemic degeneration, as in the case of the various forms of cerebromacular degeneration, and probably also in retinitis pigmentosa. It result from vascular insufficiency in arterial disease, or from senile degenerations, and, finally, it is possible that certain of the toxic amblyopias are due to poisoning of the ganglion cells in the retina, rather than to poisoning of the nerve fibres behind the bulb.
I can only here refer to one or two of these cases which are of more immediate neurological interest.
Retinitis pigmentosa is a familial disease not infrequently associated with a familial form of inner ear or nerve deafness, and occasionally associated with a family history of epilepsy. It is apt more especially to occur in the offspring of consanguineous marriages. It belongs to the class of diseases which Gowers has in a cynical mood called "abiotrophies "-system degenerations whose cause and nature are unknown. The close relationship of amaurotic family idiocy and cerebromacular degeneration has been sufficiently proved in recent years. In both there is a lipoid degeneration of the ganglion cells in the retina, as well as in corresponding cells in other parts of the central nervous system, especially in the cerebral and cerebellar cortex. The infantile form is intense in its development and fairly rapid in its course, the infants rarely reaching the age of two years. The juvenile form, as a rule, commences during second teething or towards the end of that period, and between that and puberty. It is less intense in its action and slower in its course, the unfortunate children sometimes living to the age of sixteen or seventeen years. I believe, however, that a very much milder form, or a closely allied disease, may manifest itself at puberty, or shortly thereafter, in which the macular disease is manifest and very slowly progressive, but in which the cerebral signs are only very slightly in evidence. I have in my mind a small series of cases showing macular changes and consequent optic atrophy, clinically indistinguishable, so far as the retinal appearances are concerned, from cerebromacular disease, but in which the main-if not the only-evidence of any cerebral affection is a marked change in disposition and loss of mental control.
The further discussion of this group of cases would lead us too far into a discussion of retinal disease in general. As a rule, the ophthalmoscopic examination is sufficient to establish the diagnosis, but every now and again cases occur in which it is not easy to decide whether we have to deal with a primary or secondary retinal atrophy, and in such cases the visual fields may prove of value in helping to a decision.
Group 2.-Papillary Atrophies. In the second group of cases, the initial damage to the nerve fibres takes place at the disc itself. In this group are the atrophies due to glaucoma, those following on papillitis and papilledema and a rarer group in which a cavernous degeneration in the disc tissues occurs in high myopes. To complete the grouping there should also be included the very rare occurrence of traumatic avulsion of the optic nerve.
The atrophy that occurs in papilledema has two main causes. In the early stages, the nerve fibres themselves are unaffected, apart from the disturbtance in their course produced by the swelling and displacement of the fibres, and there is no functional loss, if we except a slight enlargement of the blind spot from mechanical displacement of the retina. But as time goes on, the nerve fibres lying in the cedematous fluid begin to swell up and show moniliform varicosities. The swelling is in the cement substance binding together the individual fibrillte which compose the nerve fibres. These disintegrate as the swelling increases and the whole fibre degenerates into fatty debris. In the third stage, an increasing neuroglial proliferation in the disc replaces the dbgenerate fibres and as it contracts down, it squeezes and kills out the nerve fibres left intact. At the same time, an endothelial proliferation obliterates the channels of the smaller vessels and the final condition is an opaque white disc of neuroglial tissue filling the position of the optic disc.
In a papillitis the proliferative process affects also, or, at least, to a greater degree, the mesoblastic tissues round the vessels at the entrance to the disc, and after subsidence of milder degrees of this condition, where there has been considerable restoration of function, the disc may seem as if covered with a connective tissue film. I have at present under observation a particularly good example of this type of result in papillitis, where the only permanent functional loss affects a small segment in the lower field, and the disc shows this appearance of connective tissue film over it and following some distance out along the lines of the principal vessels.
Incidentally I may note that the occurrence of white lines along the vessels in the neighbourhood of the disc is not in any way an essential feature of the atrophy following papillcedema. The arteries are always constricted, but often do not show white lines.
In glaucoma the nerve fibres are mainly destroyed at the disc as the result of the increased intra-ocular pressure. The lamina cribrosa yields under pressure and recedes, and the nerve fibre bundles are stretched over the unyielding edge of the sclera and atrophy.
Enough has been written on the nature of the field defects in glaucoma to enable this condition of optic atrophy to be easily diagnosed, though there is a small number of cases in which an atrophy associated with arteriosclerosis gives rise to doubt. In the cavernous degeneration of Schnabel, the optic disc shows the same form of cupping as in glaucoma, but its occurrence in high myopes, without raised intra-ocular pressure, and the difference of the fields, sometimes reduced to a tiny central area, should excite suspicion.
Group 3.-Atrophy due to Retrobulbar Lesions. This is the largest group of cases and is subdivided into: (a) Orbital (b) Foraminal; and (c) Intracranial lesions. Though some of the inflammations may occur in any part of the nerve, or may affect the whole nerve from the chiasma to the bulb, papillitis, indeed, is only an optic neuritis in which the anterior part of the NOV. -NEUR. 2 * nerve, after the entry of the blood-vessels, is affected. Wilbrand and Saenger, in talking of the forms of neuritis which give rise to optic atrophy, use the terms acute " and ' chronic," ' peripheral" and ' axial neuritis." I prefer to speak of interstitial and parenchymatous forms.
An inflammation may attack the parenchyma of the nerve directly, or it may invade the nerve from the periphery through its meningeal coverings and its interstitial fibrous structure. It may be the result of any form of meningitis, acute or chronic, septic, tuberculous, or syphilitic, and the resulting atrophy may be complete or partial. It may result from orbital inflammations, and these may be the result of sinus inflammations, or infection from dental abscesses.
Probably the commonest form of parenchymatous inflammation is associated with disseminated sclerosis. I am afraid I am not prepared to follow some of my colleagues in ascribing 99% of all cases of acute retrobulbar neuritis to disseminated sclerosis. There are so many other causes of acute myelitis of the optic nerve which give rise to an optic atrophy. I have records of cases of post-influenzal myelitis, of syphilitic myelitis, of atrophy following Malta fever and blackwater fever, of post-herpetic neuritis, of post-varicellar neuritis, most of these seemingly of the acute parenchymatous type and all giving rise to optic atrophy. These are only a few of the cases that come to my mind while writing.
I would like to refer, for a moment, to one of these forms, the optic atrophy occurring during ophthalmic herpes. Though described originally in 1866 by Jonathan Hutchinson, the occurrence of this complication of herpes zoster ophthalmicus seems to have attracted very little attention. In a paper I published some years ago on "Ocular Lesions of the Trigeminal Nerve" I described some cases of it and referred to a number of others. I confess that I can throw no light on the pathogenesis of the optic atrophy in these cases. During the acute stages of the herpes, the eye is not in a condition to allow of proper fundus examination, so the cases are not usually seen until the atrophy is obvious. I believe that there may be an acute cedema in the distribution of the nervi nervorum arising from the 5th and supplying the optic nerve sheath, and that this affects the nerve. I do not think it is probable that the inflammation can have spread from the Gasserian ganglion to the intracranial portion of the nerve. As, however, I know of no autopsy on such a case I cannot speak with any authority on the cause of the atrophy.
Among the other lesions acting on the orbital portion of the nerve must be recorded tumours. These may be intraneural or extraneural. Some years ago, I showed two cases at a meeting of the Section: one of an intraneural tumour causing intense papillcedema, the other of an extraneural tumour causing optic atrophy. The apex of the orbit is not an infrequent position for a gumma to develop, and this may be a cause of pressure on the nerve.
Foraminal lesions.-Lesions acting at the optic foramen form an interesting group of cases giving rise to optic atrophy. The first and most frequent cause acting here is trauma. The trauma need not imply a fracture passing through the optic foramen. Indeed, in quite a number of cases, even where there is a basal fracture, the optic foramen is not involved in it. But there is a closer attachment of the nerve sheath coverings to one another at the optic foramen and the nerve sheath itself is here bound down to the bony wall. There is also a freer interchange of blood-vessels at this point and these get torn through readily in skull injuries and give rise to sheath haemorrhages and nerve tears and consequent atrophies. Many of these cases show very interesting segmental losses in the visual fields.
It is a matter of dispute as to whether the optic atrophy occurring in oxycephaly is a result of the narrowing of the optic foramen, or whether the optic atrophy and the skull deformity may not both be coincidental results of an early meningitis. In the case of Paget's disease, however, I think there is little doubt that the bony thickening reducing the calibre of the optic foramen is the cause of the atrophy.
My attention was first called to this cause of optic atrophy many years ago by its occurrence in a typical case of leontiasis ossea. Since then I have seen five cases of osteitis deformans with optic atrophy. Two of these cases have already been shown at meetings of the Section. They are very slowly progressive in their nature and show curious irregular losses in the visual fields, partial ring scotomata and paracentral scotomata, with irregular peripheral contraction of the fields. In time, the visual loss becomes complete. In nearly all these cases, there is evidence of pressure on other nerves, especially the auditory and the trigeminal. Indeed, we had tb operate on the case of leontiasis ossea to try to relieve the intractable neuralgia.
Sclerotic changes in the ophthalmic artery as it passes through the optic foramen may also be a cause of optic atrophy. If you look at the base of the skull after removing the brain, you will see what a sharp edge the dura makes as it roofs over the intracranial entrance to the optic foramen, and coming close up to the outer side of this is the convex curve of the internal carotid artery which gives off, almost as it touches the optic nerve, the ophthalmic artery. The consequence of this anatomical arrangement is that any sclerotic changes in the walls of either the internal carotid or its ophthalmic branch causes pressure on the nerve at a point where it cannot yield, and, in consequence, it atrophies. A series of pictures in Vol. III of Wilbrand and Saenger's "Neurologie des Auges" illustrates this form of atrophy most beautifully. Intracranial portion of the nerve.-Among the atrophies arising from causes acting intracranially, we have to deal with quite a different set of factors. Disseminated sclerosis, of course, must still be regarded as an important cause and the patch may be, and often is, found to affect the chiasma and both nerves. Meningitis may still be a cause, but of course it is to be remembered that in many of the acuter cases death occurs while the inflammatory stage is still present and before any sign of atrophy is manifest. Meningitis also may cause a pressure atrophy by blocking the foramina leading from the ventricles to the cisterna and setting up an internal hydrocephalus. The main intracranial form of atrophy is the pressure atrophy caused by growths, especially in the pituitary and suprapituitary regions, or on the base of the frontal lobe or anterior end of the temporo-sphenoidal lobe. I called attention many years ago to the importance, from a localizing point of view, of the appearance of an atrophy on one side and a papilloedema on the other side. Almost the last lecture that Sir William Gowers gave at Queen Square was devoted to a case of this kind of which I had cut the sections. Subsequently Kennedy gathered together several cases illustrative of the value of this phenomenon as indicating the location of the pressure. I am afraid, however, we use the word "pressure " in a loose way. Many writers have drawn attention to the probability that the atrophy in pituitary cases in many ways is more likely to be the result of a stretching than of a pressure and the beautiful work of Schiiller and the Vienna school of radiologists has brought this out more fully. The anatomical work of Schaeffer, on which de Schweinitz based much of his Bowman Lecture, showed how rarely the chiasma came into any relationship with the bony chiasmal sulcus and how little likely was the chance of its being pressed between a growth and the bone. At present, we may hedge a little and talk of a pressure traction injury to the nerve.
Basal aneurysms as well as the sclerotic changes in the internal carotids already referred to are sources of atrophy acting at the origin of the nerves from the chiasma. Much, however, has been written on this subject in recent years, and as my purpose is only to outline a scheme for the classification of the optic atrophies I must not enter into further details but pass on to consider the fourth class in which the optic atrophy results from causes of a general toxic nature not acting at any one particular focus, or where the origin is unknown. Among the toxic causes are tobacco, arsenic, lead, methyl alcohol, carbon bisulphide, quinine, Aspidiurn filix mas and others.
The action of these varies, and some seem capable of acting in more ways than one to produce atrophy. It is still an unsettled question whether tobacco primarily poisons the ganglion cells in the retina or the nerve fibres behind the bulb, and the same doubt exists as to methyl alcohol and carbon bisulphide. Quinine and Aspidium filix mas act by producing retinal arterial spasm and consequent retinal atrophy. Arsenic seems to act directly on the nerve fibres. Lead may seemingly act either directly on the nerve fibres or indirectly by causing arterial degenerations. Diabetes. the aniamias, both the toxic forms and that due to loss of blood, may cause optic atrophy. Of Leber's familial atrophy we can only say that we do not know what the cause of the lesion is. Its occurrence during the period of most active sexual life would seem to give some support to the suggestion of Fisher that it is due to some pituitary disturbance.
In this class also must be placed the optic atrophies that occur in association with other systemic degenerations in the central nervous system, for example, Friedreich's disease, peroneal atrophy and hereditary cerebellar atrophy. I have already insisted on the fact that the optic nerve is not a nerve but an integral white tract of the central nervous system, and as such is liable to participate in the diseases that attack the white matter, and these degenerations are only further examples of this tendency.
I have left to the last the question of tabetic atrophy and its classification. Into which division can this most important form of optic atrophy be fitted most conveniently? This has been one of the most disputed subjects of the many disputed subjects in connection with tabes. If I may quote from a paper which I wrote upon it some eight years ago: "Various and discordant as are the theories advanced to explain the pathology of the changes in the posterior roots and columns, we find that the theories of optic atrophy are just as diverse. The possibilities may be briefly In that paper I tried to show how in its clinical history tabetic atrophy sometimes gave evidence that its primary mode of attack is interstitial and at other times parenchymatous and how in this respect it sometimes allies itself more closely to tabes and at other times to general paralysis. I have seen little cause to modify the opinion I then expressed. We find two quite definite types of history. In one, the onset is slow; fairly good central visual acuity is maintained over a long period and the segmental losses in the peripheral fields are fairly sharply delimited.
In the second type, the loss of central visual acuity occurs fairly quickly and vision may be grossly diminished, while the peripheral fields for white are hardly affected, or, again, there may be great variability or uncertainty in the delimitation of the peripheral fields.
Many of these cases in the early stages may show a marked differenice between their vision on first awakening and later in the day. As Behr has shown, dark adaptation seems to be the first function affected by tabetic atrophy and may be present before there is any sign of atrophy. Only the pathological investigation of a large series of very early tabetics and the careful correlation of tlle pathological findings with the clinical history will determine whether I am right in my contention that tabes can produce optic atrophy of two kinds. In one kind, the parenchymatous degeneration is predominant and in the other the interstitial proliferation is the more obvious factor.
But we have further to see whether there is any clue to the most likely position for the commencement of the lesion. As far as clinical history goes, I think it is strongly in favour of Stargardt's contention that the chiasma and intracranial portion of the nerve are first affected. The frequent symmetry of the visual fields is a strong point in favour of this hypothesis. It would take too long a time to repeat again all the arguments quoted in my original paper, but I have seen little cause since then to modify my general conclusion that tabetic atrophy in tabes is partly interstitial and partly parenchymatous and so far resembles G.P.I., and that the clinical symptoms vary as the one or other process predominates, and, finally, that as a general rule the process commences in the proximal portion of the nerve and not in the periphery or distal portion. I have only sketched briefly and with many omissions a scheme of classification of optic atrophies. Briefly summarized-my primary divisions are founded on the site of attack of the primary lesion, and these, in turn, are subdivided on the basis of the nature of the lesion. To develop and illustrate the subject fully would take more time than even your patience, great though it is, would accord to me. In my experience a scheme such as I have outlined has proved most useful for teaching purposes and for impressing on students the manifold causes of optic atrophy. I hope, at least, to have made manifest the reasons for my strong aversion to the present use of the terms "primary " and "secondary " in the forced and misleading sense in which they have been employed for so long. And if what I have said to-night will indluce any ardent worker to take up this question and try to establish a true classification of optic atrophies, I shall feel I have not spoken in vain. The ideal combination would be a neurologist and an ophthalmologist, and much pathological spade-work is necessary. The material is available if only the workers will come forward.
